INTRODUCTION
Cremanthodium Benth. (Asteraceae: Senecioneae), an endemic genus of the Sino-Himalayan region (Good, 1929) , comprises about 67 species (Liu, 1989) . All species occur in China and most of them are distributed in the Qinghai-Tibet Plateau. Nineteen species extend to Myanma. Bhutan, Sikkim, Nepal, India and Kashmir. All species grow in alpine meadows and scree areas at altitude ranging from 2400 m to 5600 m. This genus has affinities with Ligularia, and was considered as an alpine race or ecotype of Ligularia by Wulff (1944) and Drury (1967) . However, recent researchers have supported its segregation and standing from Ligularia (Liu, 1982 (Liu, , 1989 Jeffrey & chen, 1984) . In the systematic treatment of the Senecioneae by Jeffrey & Chen (19841, Bremer (1994) and Robinson et al. (1997) , Cremanthodium was placed in the subtribe Tussilagininae and is closely related to Ligularia.
Cremanthodium was subdivided into three sections, based mainly on the leaf shape and venation (Liu, 1982) : Sect. Cremanthodium, Sect. Pinnatinercus and Sect. Parallelineruus. However, we found that the stem branching patterns and related features (e.g. presence or absence of fibrous petioles) also have some taxonomic significance in Cremanthodium. After a complete examination of morphological variation in the genus (Liu, 1999) , seven species, covering major sorts of morphological variation, were selected for a series of research projects to test the infrageneric phylogeny and systematic position of the genus. The present work reports the karyomorphological results.
Concerning the chromosome number of Cremanthodium, only the type species, C. reniforme, was reported to have 2n = 58 by Sharma & Sakar (1968) . In the present paper, 22 populations of seven additional species have been studied karyomorphologically.
MATERIAL AND METHODS
The species names and populations, along with their origins and habits, are listed in Table 1 . According to Liu (1982) , the types of leaf venation in each species, which were considered to be important sectional characters, are shown in Table 3 . The voucher specimens are deposited in the Herbarium of the Northwest Plateau Institute of Biology, the Chinese Academy of Sciences (HNWP). For each population, roots were obtained from a t least three individuals. The excised root tips were pretreated in a mixture of 1: 1 (v/v) 8-hydroxyquinoline (0.002% w/v):colchicine (0.05% w/v) for 8 -10 h, and fixed and stored in 3:l ethanol-acetic acid. They were macerated in 1 N HC1 for 10 min a t 60°C, stained and squashed with Carbol Fuchsin. The chromosomes of at least 50 cells were counted and the measurements of at least three cells were made. Nomenclature for the centromeric positions of chromosome introduced by Levan, Fredga & Sandberg (1964) Fig. 4) . The basic number of x = 30 is new for this genus.
KARYOTYPE STRUCTURE
The karyotype structures, classifications and asymmetry indices of all populations of the species analysed are listed in Table 2 . The karyotypes are symmetrical and very similar to one another, consisting mainly of metacentric and submetacentric chromosomes. The difference in the numbers of metacentric, submetacentric and subtelocentric chromosomes among populations and species could be a result of unavoidable measurement error. All species have at least one or two pairs of satellited chromosomes, but the satellites are indistinct or invisible in some populations, which might be an effect of the different time and temperature of pretreatment in the field. According to the classification of Stebbins (1971) , the karyotypes of all populations and species belong to type 2A. The asymmetry indices also reveal little difference among populations and species. rhizomes) are commonly found in Senecio. In checking the specimens of Cremanthodium, we found that C. humile and C. laciniatum were usually mis-identified as new species of Senecio by some taxonomists. In contrast to the dilated anther collar, radial endothecial tissue and separated stigmatic area of the style branches of Senecio and related genera in the Senecioninae (Bremer, 1994) From the outgroup comparison, character states of the sympodial branching pattern and related features in the Tussilagininae of the Senecioneae should be plesiomorphic while those of the monopodial pattern and related features are apomorphic (Liu, 1999) . "he chromosome number evolution parallels the morphological evidence. Undoubtedly x=30 is basic to the Tussilagininae, and aneuploid reduction commonly occur (Jeffrey, 1992; Bremer, 1994; Robinson et al., 1997) . The number x = 30 of Cremanthodium should be thought to be plesiomorphic and x=29 to be apomorphic in the Tussilagninae. Therefore, the species with x = 30 and monopodial pattern in Cremanthodium might be a primitive group, and they show a connection with other genera having these two primitive characters. The six monopodial species surveyed fall into three sections of Cremanthodium (Table 3 ) according to the system of Liu (1982) , but no obvious correlation between their karyomorphological data and corresponding section could be established. No karyomorphological changes associated with variation of leaf shape or venation could be detected. Furthermore, leaf shape and venation show distinct parallel and convergent evolution in the Senecioneae (Liu, 1999) . Their systematic and taxonomic significance needs re-evaluation. In addition, the karyomorphological data of these six species of Cremanthodium with monopodial branching, e.g. x = 29 and 2 A type, are similar to those found in most Ligularia species (Liu, 1999) . The chromosome data also support the close relationship of the two genera.
Most genera of the Tussilagininae were found to have x = 30 and have been considered to be cryptic polyploids (Robinson et al., 1997) . However, most species of Cremanthodium and its closely related genera (e.g. Ligularia and Ligulariopsis) share the basic number of x = 29 (Liu, 1999; Liu & Liu, 2000) . The basic number x = 30 of the Tussilagininae was considered to be derived from x = 10 of the Senecioninae through hybridization and polyploidization; the lower numbers, such as x = 29, might represent a further aneuploid reduction (Robinson et al., 1997) . Nevertheless, the mechanisms of dysploid reduction of chromosome number are still not well understood. In Cremanthodium, we found that the karyotype asymmetry as well as the chromosome arm length are similar between species with x = 30 and with x = 29. Therefore, we consider that dysploidization in the Tussilagininae might be caused mainly by unequal reciprocal translocation (Hong, 1990) .
